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࠶࠻
The effects of nicotinic cholinergic neurotransmission on central respiratory control were examined by the addition 
of nicotinic receptor (nAChR) agonists or antagonists into the superfusion medium, in the isolated brain stem-spinal 
cord of the neonatal rat. Neural activity of the ventral C4 was monitored as central respiratory output and the activities 
of neurons in the rostral ventral medulla were recorded with the whole cell configuration. Nicotine (0.1-100PM) or 
RJR-2403 (0.1-10PM), an agonist selective for DE2 nAChR, added to the superfusion medium induced dose–
dependent increases in respiratory frequency. In inspiratory (Insp) or pre-inspiratory (Pre-I) neurons, an increase of 
EPSPs and augmentation of the spike frequency were induced by superfusion with 10PM nicotine. In CO2 sensitive 
neurons, nicotine induced membrane depolarization. Application of several nAChR antagonists (mecamylamine, 
dihydro-E-erythroidine, methyllycaconitine, D-bungarotoxin, d-tubocurarine, vecuronium) resulted in dose-dependent 
reductions in C4 respiratory rate. We examined the effects of d-tubocurarine or vecuronium on activity in medullary 
respiratory neurons. Both antagonists inhibited drive potential amplitude and intraburst firing frequency in Insp and 
Pre-I neurons. These antagonists also induced a hyperpolarization and an increase in membrane resistance in Pre-I 
neurons, however they had no effect on these membrane properties in Insp neurons. These results indicate that these 
antagonists suppress central respiratory activity mainly through their inhibitory effects on Pre-I neurons and the Pre-I to 
Insp neuron synaptic drive. Thus, we conclude that nAChRs are directly involved in central respiratory control and 
these receptors play a modulatory role in the respiratory rhythm generation and/or central CO2 chemosensitive 
transmission to the respiratory neuron network. 
Keywords㧦Nicotine, Nicotinic acetylcholine receptor, Respiratory neuron, Isolated brainstem-spinal cord, Neonatal 
rat
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ಽᭂߪ mecamylamineሽ࿷ਅߢߪᛥ೙ߐࠇߚޕ
๭ᕷᕈ࠾ࡘ࡯ࡠࡦߢߪ࠾ࠦ࠴ࡦߦࠃߞߡ㗼⪺ߥ
⣕ಽᭂߪ⹺߼ࠄࠇߥ߆ߞߚޕߒ߆ߒߥ߇ࠄ㧘ๆᕷᕈ
࠾ࡘ࡯ࡠࡦߣห᭽ߦ࠾ࠦ࠴ࡦߦࠃࠆ PSP ߩჇടߥ
ࠄ߮ߦ⤑ᛶ᛫ߩᷫዋ߇ߺࠄࠇߚޕ
ฦ๭ๆ࠾ࡘ࡯ࡠࡦߦኻߔࠆ nAChR ࠕࡦ࠲ࠧ࠾ࠬ
࠻㧘․ߦ d-tubocurarine ߣ vecuronium ߩᓇ㗀ࠍ⹦⚦
ߦᬌ⸛ߒߚޕๆᕷᕈ࠾ࡘ࡯ࡠࡦߦ߅޿ߡߪ㧘ߎࠇࠄ
ࠕࡦ࠲ࠧ࠾ࠬ࠻ߩἠᵹߦࠃࠅๆᕷᤨߩ⣕ಽᭂ
㧔Drive potential㧕ߩᷫዋ߅ࠃ߮⊒Ἣ㗫ᐲߩૐਅ߇
ߺࠄࠇߚޕ㕒ᱛ⤑㔚૏߅ࠃ߮౉ജᛶ᛫ߪᄌൻߒߥ߆
ߞߚ㧔࿑㧟㧕ޕๆᕷవⴕဳ࠾ࡘ࡯ࡠࡦߢ߽㧘Drive
potential ߩᷫዋ߇⹺߼ࠄࠇߚ㧔࿑㧠㧕ޕߒ߆ߒߥ߇
ࠄ㧘ๆᕷᕈ࠾ࡘ࡯ࡠࡦߣ㆑ߞߡ㧘ࠕࡦ࠲ࠧ࠾ࠬ࠻ߩ
ἠᵹߦࠃࠅ㕒ᱛ⤑㔚૏ߪㆊಽᭂᣇะߦࠪࡈ࠻ߒ㧘౉
ജᛶ᛫ߪჇടߒߚޕߎߩߎߣ߆ࠄ㧘๭ๆ࠾ࡘ࡯ࡠࡦ
࿁〝✂ߦ߅޿ߡๆᕷవⴕဳ࠾ࡘ࡯ࡠࡦᵴേ޽ࠆ޿ߪ
ߎߩ࠾ࡘ࡯ࡠࡦߩ೨Ბ㓏ߩ࠾ࡘ࡯ࡠࡦ࡟ࡌ࡞ߢ
nAChR߇ᯏ⢻ߒߡ޿ࠆ߽ߩߣ⠨߃ࠄࠇߚޕ 
 ๭ๆߩਛᨔᕈൻቇᗵฃᕈߦኻߔࠆ࠾ࠦ࠴
ࡦ߅ࠃ߮ nAChࠕࡦ࠲ࠧ࠾ࠬ࠻ᛩਈߩᓇ㗀
㧞㧑CO2ࠟࠬߢᐔⴧߐߖߚἠᵹᶧ߆ࠄ㧤㧑CO2ࠟ
ࠬߢᐔⴧߐߖߚἠᵹᶧߦᦧ߃ࠆߣ㧘๭ๆᢙߩჇട
㧔CO2ᔕ╵㧕߇⹺߼ࠄࠇࠆ߇㧘ߎߩᔕ╵ߪ nAChR
㕖┹ว⊛ࠕࡦ࠲ࠧ࠾ࠬ࠻ߩ mecamylamineߩἠᵹߦ
ࠃࠅૐਅߒߚޕห᭽ߥᛥ೙ലᨐߪ㧘Į4ȕ2 nAChR ࠕ
ࡦ࠲ࠧ࠾ࠬ࠻ߩ dihydro-E-erythroidine ߢ⹺߼ࠄࠇߚޕ
㜞 CO2ᶧߩἠᵹߢ⣕ಽᭂ߅ࠃ߮ࠬࡄࠗࠢ⊒Ἣ㗫ᐲ
ߩჇട߇⷗ࠄࠇࠆ࠾ࡘ࡯ࡠࡦ㧘޿ࠊࠁࠆ CO2ᗵฃ
ᕈ࠾ࡘ࡯ࡠࡦ߽࠾ࠦ࠴ࡦߦࠃߞߡ㗼⪺ߥ⣕ಽᭂ߅ࠃ
߮ࠬࡄࠗࠢ⊒Ἣ㗫ᐲߩჇട߇⹺߼ࠄࠇߚޕߎߩߎߣ
߆ࠄ㧘๭ๆߩਛᨔᕈൻቇฃኈᯏ᭴ߦ߅޿ߡ߽
nAChR߇㑐ਈߒߡ޿ࠆ߽ߩߣᕁࠊࠇߚޕ
㧠㧚⠨ኤ
࠾ࠦ࠴ࡦߪᣂ↢േ‛ᑧ㜑ߩ๭ๆ࠾ࡘ࡯ࡠࡦ࿁〝✂
࿑㧠㧚ๆᕷవⴕဳ࠾ࡘ࡯ࡠࡦߦኻߔࠆ d-tubocurarine(D-TC)߅ࠃ߮ vecuronium (VB)ߩലᨐ 
A,B:࠾ࡘ࡯ࡠࡦߩ⤑㔚૏⸥㍳ߣ๭ๆ಴ജ⸥㍳ޕC:࠾ࡘ࡯ࡠࡦ(n=6)ߩ㔚᳇↢ℂቇ⊛․ᕈޕD-TC㧘VBߣ߽
40ȝMߢἠᵹޕ*P<0.05 
᪀ฬବ৻㧦ਛᨔᕈ๭ๆ⺞▵ߣ࠾ࠦ࠴ࡦᕈࠕ࠮࠴࡞ࠦ࡝ࡦฃኈ૕
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ߦኻߒ⥝ᅗᕈߦ૞↪ߒߚޕ࠾ࠦ࠴ࡦߪ⒳ޘߩ๭ๆᕈ
࠾ࡘ࡯ࡠࡦߩ nAChRࠍᵴᕈൻߐߖ㧘⣕ಽᭂࠍᗖ߈
⿠ߎߒߚޕฦ⒳ߩ nAChRࠕࡦ࠲ࠧ࠾ࠬ࠻ߩᛩਈߦ
ࠃࠅ๭ๆ಴ജߩᷫዋ߅ࠃ߮ CO2ᗵฃᕈߩૐਅ߇⹺
߼ࠄࠇߚޕᱜᏱ⁁ᘒߦ߅޿ߡ๭ๆߩ CO2ᗵฃᯏ᭴
߅ࠃ߮࡝࠭ࡓᒻᚑᯏ᭴ߦ߅޿ߡ nAChR߇ᯏ⢻ߒߡ
޿ࠆߣ⠨߃ࠄࠇߚ 9-11㧕ޕᧄ⎇ⓥߦ߅ߌࠆ๭ๆ࠾ࡘ
࡯ࡠࡦߩࡎ࡯࡞࠮࡞⸥㍳߆ࠄ㧘๭ๆ࡝࠭ࡓᒻᚑߩࡍ
࡯ࠬࡔ࡯ࠞ࡯ߣ⠨߃ࠄࠇߡ޿ࠆๆᕷవⴕဳ๭ๆ࠾ࡘ
࡯ࡠࡦ⟲߇ nAChRࠕࡦ࠲ࠧ࠾ࠬ࠻ߩᓇ㗀ࠍ⋥ធฃ
ߌࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕߒߚ߇ߞߡ㧘nAChR
ߪਛᨔᕈߩ๭ๆ࡝࠭ࡓࠍ⛽ᜬߔࠆ਄ߢ㊀ⷐߥ௛߈ࠍ
ߒߡ޿ࠆߎߣ߇␜ໂߐࠇߚޕᦨㄭ㧘๭ๆ࠾ࡘ࡯ࡠࡦ
⟲ߦሽ࿷ߔࠆ nAChRࠨࡉ࡙࠾࠶࠻ߣߒߡߪ Į4ȕ2
ߩ㑐ਈ߇ႎ๔ߐࠇߡ޿ࠆ 12)ޕᧄ⎇ⓥߩ nAChRࠕࡦ
࠲ࠧ࠾ࠬ࠻ᛩਈߩ⚿ᨐ߆ࠄ㧘Į4ȕ2ߛߌߢߥߊ Į7ࠨ
ࡉ࡙࠾࠶࠻ߩ㑐ਈ߽␜ໂߐࠇߚߚ߼㧘nAChRࠨࡉ
࡙࠾࠶࠻ߩหቯߦߪ㧘ᦝߥࠆᬌ⸛߇ᔅⷐߢ޽ࠆޕߎ
ࠇ߹ߢ㧘࠾ࠦ࠴ࡦߩᕆㅦߥ㕒⣂ౝᛩਈߪ৻ㆊᕈߩ๭
ๆჇᒝᓟ㧘๭ๆ஗ᱛࠍ⿠ߎߔߎߣ߇ႎ๔ߐࠇߡ޿ࠆ
2㧕ޕᧄ⎇ⓥߢߪ㧘ߘߩലᨐ߇㧘ਛᨔߩ๭ๆ࠾ࡘ࡯ࡠ
ࡦ࡟ࡌ࡞ߢ↢ߕࠆߎߣࠍ␜ໂߒߡ޿ࠆޕߔߥࠊߜ㧘
⣖ᐙㇱ๭ๆ࡝࠭ࡓᒻᚑ␹⚻ᯏ᭴߇㜞Ớᐲ࠾ࠦ࠴ࡦߦ
ᦑ㔺ߐࠇࠆߣ㧘๭ๆ࠾ࡘ࡯ࡠࡦߩㆊ೾ߥ⣕ಽᭂ߇⿠
ߎࠅ㧘ߘߩ⚿ᨐ㧘๭ๆ࠾ࡘ࡯ࡠࡦ࿁〝✂ߩᯏ⢻߇㓚
ኂߐࠇ㧘๭ๆ࡝࠭ࡓᒻᚑߩਇో㧘ߐࠄߦߪ๭ๆ஗ᱛ
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